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Keeler, Chelsey L. M.S., Purdue University, May 2014. Anticipatory and Reactive 
Responses to Chocolate Restriction in Frequent Chocolate Consumers. Major Professor: 
Richard D. Mattes
Many individuals have difficulty adhering to a weight loss diet. One possible explanation 
could be that dietary restriction paradoxically contributes to overconsumption. The 
objective of this study was to examine ingestive behavior under a forced chocolate 
restriction, with a focus on the anticipatory restriction period and the post-restriction 
period in frequent chocolate consumers. Fifty-six male (N=18) and female (N=38) high 
chocolate consumers with high or low cognitive disinhibition aged 27.70 ± 11.09 years 
with a mean BMI of 25.68± 5.92 kg/m
2
 participated. Chocolate snacks were provided for 
the first, second, and sixth week of the study to establish baseline, pre-restriction and 
post-restriction consumption respectively. Chocolate snacks were replaced with non-
chocolate snacks during a three week chocolate restriction period. Highly disinhibited 
participants felt more guilty and consumed significantly more energy than low 
disinhibited participants across multiple snack conditions. Low disinhibited participants 
consumed significantly less in the post-restriction period compared to baseline and the 





across all conditions.  Aggregating the data, high and low disinhibited chocolate 
consumers ate snacks more frequently in the pre-and post-restriction periods compared to 
the baseline period. This study suggests that for some individuals, i.e., those that exhibit 
high disinhibition and feelings of guilt about snacking, restriction of chocolate may be 






CHAPTER 1. INTRODUCTION 
1.1 Objective and hypothesis 
The literature demonstrates that the anticipation of initiating a diet causes maladaptive 
eating behaviors (Eldredge, Agras et al. 1994; Urbszat, Herman et al. 2002) and the 
limiting of specific foods increases cravings for those foods (Weingarten and Elston 
1990; Hill 2007). The impact of deprivation on eating behavior as measured by intake is 
debated, however after a restriction from chocolate, chocolate intake increases in adults 
and in children (Polivy, Coleman et al. 2005; Jansen, Mulkens et al. 2007). It remains 
unknown if the pre- and post- restriction periods are equally responsible for the 
maladaptive behaviors resulting from restriction of a specific food. 
 
Craving is framed as different from hunger because it may occur when a person is in a 
satiated state and in the absence of an energy deficit (Hill, Weaver et al. 1991). Cravings 
are usually triggered by specific foods and may be attributable to certain sensory 
properties of foods (Rozin, Levine et al. 1991). Individuals that exhibit disinhibited 
eating, which is the tendency to over consume food in response to various environmental 
and internal stimuli, may react differently to food restriction due to increased sensitivity 





eating often results in over consumption of food, and highly disinhibited eaters have 
higher BMI than low disinhibited eaters (Hays and Roberts 2008).  
 
The primary objective of the present study was to investigate the anticipatory-(before) 
and reactive-(after) craving and intake responses of regular chocolate consumers on a 
three-week total chocolate restriction. A secondary objective of this study was to examine 
if the observed responses before and after chocolate candy restriction can be predicted by 
participants’ personality, ingestive behavior and food craving status. Providing different 
snacks to the participants during the restriction period allows determination of whether 
noted cravings are specific to chocolate or generalize to snacks with other sensory and 
nutritional profiles.  The emotional response in relation to each snack condition was 
evaluated over the course of a week to determine if chocolate snacks generate a distinctly 
different emotional response over time compared to other types of snacks.  
 
It was hypothesized that the chocolate consumption of frequent chocolate consumers 
would increase both before and after a chocolate restriction is imposed. It was also 
hypothesized that chocolate craving is specific to chocolate rather than its sweet taste, 
energy or macronutrient content, and that chocolate cravers are less willing to substitute 
salty, dried fruit, or sweet non-chocolate snacks during the restriction, as measured by 
change in preference over time. In addition, it was hypothesized that highly disinhibited 
eaters will react stronger to the chocolate pre- and post-restriction primes, and over 






In the subsequent sections of this thesis, a literature review presents the relevant findings 
on the importance of this topic (Chapter 2). Specifically, trends in the obesity epidemic 
and the role of snacking are addressed. In addition, the definition of craving and the 
hypothesized mechanisms for why chocolate craving, and thus chocolate snacking, 
occurs is explored. Chocolate consumption is also examined from a psychological 
perspective by reviewing previous literature on restrained and disinhibited eating. A 
separate section reviews methods and populations previously examined regarding 
chocolate craving. The literature review will then conclude with a justification of the 
selected participant population for the current study, and a rationale for the current study. 
 
The study methods and materials are detailed in Chapter 3. An analysis of intake based 
on participant psychological characteristics, and the effect of snack condition on intake is 
presented in Chapter 4. Finally, Chapter 5 expounds on directions for future research 






CHAPTER 2. REVIEW OF THE LITERATURE 
2.1 Obesity epidemic 
Obesity is now recognized as a public health crisis. According to a review of NHANES 
data from 1960-2004, the prevalence of obesity has increased from 13% to 32% over the 
past four decades. Annual increases in the prevalence of obesity in different demographic 
groups range .3-.9 percentage points (Wang and Beydoun 2007). Despite the small 
annual percentage point increase over time, data from 2011-2012 showed that there has 
been no overall significant change since 2009-2010. Even amidst a potential leveling off 
of obesity rates, in 2011-2012, 34.9% of adults were still categorized as obese (Ogden, 
Carroll et al. 2013). This is not without consequence as overweight adults, with a BMI 
from 25.0-29.9, are more likely to have hypertension, heart disease, diabetes, certain 
types of  cancers, and gallstones (Field, Coakley et al. 2001). Furthermore, the medical 
costs for an obese individual are 42% higher than for a normal weight individual, with the 
2008 estimated aggregated sum of medical spending attributed to obesity as high as $147 
billion (Finkelstein, Trogdon et al. 2009). With regard to mortality, the number of annual 
deaths in the United States resulting from obesity is estimated to be 112,000 (Flegal, 
Graubard et al. 2005). The obesity epidemic is not only a problem in the United States; 
globally as of 2008, 500 million adults, or 10-14%, of the world’s population was 





Obesity is a complex condition influenced by a plethora of factors that makes it 
problematic to identify successful solutions for mitigation. Often, obesity is associated 
with modern lifestyles. Modernization in the home, work place, public places, and the 
overall urban lifestyle have contributed to a decrease in energy expenditure, and an 
increase in consumption of high energy and high fat convenience foods (Shortt 2004). 
Genetic factors can attribute up to 40% of the variation in BMI (Wardle, Carnell et al. 
2008), and the fetal and early postnatal environments are also predictive of weight gain in 
adulthood (Lillycrop and Burdge 2011). Socioeconomic factors play a role in the 
development of obesity as well (Wang and Chen 2011). However, the upward trend in 
BMI over time occurs across racial, ethnic, educational, and income backgrounds, and  
indicates that the obesity epidemic is not only problematic for low socioeconomic and 
ethnic and racial groups, but the entire population (Ljungvall 2012). All together, these 
results suggest changes to modify the shared environment would be beneficial in the 
mitigation of obesity. 
 
2.2 Snacking and obesity 
One specific potentially problematic facet of the obesogenic environment is the constant 
availability of food. The availability of foods such as oils, shortening, meat, cheese, fruit 
juices, and sweeteners has increased from the period of 1909-2007, paralleling the 
increased prevalence of obesity (Barnard 2010). Snacking as a dietary habit has also 
paralleled the increase in food availability in recent decades. Specifically, in the United 





2003-2006 (Piernas and Popkin 2010). Increased snacking results in increased total daily 
energy intake (Zizza, Siega-Riz et al. 2001). The increase in energy intake is also 
accompanied by a decrease in nutrient density of the selected snacks, as the percentage of 
energy derived from energy-dense nutrient poor foods (EDNP) in the diet has increased 
over time (Kant 2000; Johnson and Anderson 2010). This trend could be problematic for 
body weight management. However, given a known set of factors from an individual, the 
calculated value for the risk of obesity derived from snacking can vary up to 70% based 
on the definition of a snack used in analyzing the data (Gregori 2011). The lack of a 
standardized definition of a snack complicates the conclusions from the literature, and 
makes public health recommendations based on snacking difficult.  
 
Conflicting recommendations for snacking behavior are based on studies that identify 
snacking as a beneficial practice due to the satiating property of specific snack foods 
(Furchner-Evanson, Petrisko et al. 2010; Douglas, Ortinau et al. 2013), while other 
studies find that snacking does not alter subsequent meal energy intake or contribute to 
weight gain or weight loss (Bertéus Forslund H. 2008; Dougkas, Minihane et al. 2012). 
Unclear definitions and differing methods for analysis of what constitutes a snack only 
confuse well intentioned messages and dietary recommendations concerning snacking 
behaviors.   
 
In addition, while increased snacking could be the underlying cause of the obesity 
epidemic via incomplete compensation for the energy snack foods provide, this has not 





weight amidst the intake of excess energy  in certain populations (McKiernan, Hollis et al. 
2008; Viskaal - van Dongen, Kok et al. 2009; Appleton, Martins et al. 2011; Jokisch, 
Coletta et al. 2012). However, many other studies support incomplete body weight 
regulation in the face of excess energy and fat content- both within a day, across a week, 
and within a year (Woods, Schwartz et al. 2000; Levitsky 2005; de Graaf 2006). The 
impact of body weight regulation and activity status is still unclear, as individuals that do 
compensate and individuals that do not compensate have been identified (Blundell, 
Stubbs et al. 2003). Overall, the extra energy derived from snacks and a lack of 
compensation could contribute to the obesity epidemic.  
 
Claims that snacking, or multiple small eating events better controls appetite and energy 
intake are prevalent in the media; however, the area of research dedicated to the impact of 
several small eating episodes on appetite and intake of restricting certain snacks from the 
adult diet is underexplored. Children’s snacking behaviors show that a parental restriction 
on certain snack foods increases non-hunger related eating for up to three years after the 
time of restriction  (Johnson and Anderson 2010) and influences the behavioral responses 
of children towards the forbidden foods (Rollins, Loken et al. 2014). Therefore, while 
sweet and fatty foods may be a cause of the obesity epidemic (Drewnowski and 
Greenwood 1983) it may be even more detrimental to restrict these types of snacks from 
the diet. 
 
Similarly, the Framingham Children’s study found that parents with high levels of 





child’s energy dense snack intake, were more likely to have children with excess body fat 
(Hood, Moore et al. 2000). In addition to the data on the perils of restricting palatable 
snack consumption in children, indulging in palatable snacks may hold health benefits. 
The Harvard Health Alumni study found that candy indulgence, including chocolate and 
non-chocolate candy, was positively associated with longevity. Greater candy 
consumption was associated with living almost a year longer (Lee and Jr 1998).  Also, 
chocolate intake has been linked to lower central and total fatness in European 
adolescents and adults, even when factors such as activity, fruit and vegetable 
consumption, calories, and saturated fat are considered (Golomb Ba 2011; O'Neil, 
Fulgoni Iii et al. 2011; Cuenca-García, Ruiz et al. 2014).  
 
Overall, this evidence suggests that restriction of a palatable food may make it even more 
desirable and promote overconsumption (Jansen, Mulkens et al. 2007). These studies are 
only correlational, but future work to demonstrate the cause and effect of restricting 
palatable but “unhealthy” snacks from the diet may be beneficial.  Future snacking 
studies need to consider the effects of dietary restriction of desirable snacks before 
making recommendations about complete abolishment of these snacks from the diet. 
 
2.3 Chocolate snacking and craving defined 
Studies assessing self-reported cravings consistently find chocolate as the most craved 
item (Hill, Weaver et al. 1991; Gendall, Joyce et al. 1997; Osman and Sobal 2006). 





Fuente et al. 2005). Therefore chocolate is a good medium to examine the effect of 
restricting a palatable snack from the diet.  Consequently, research aimed at 
understanding craving using chocolate models, and understanding the mechanism as to 
why chocolate elicits craving behaviors has been visited multiple times.  However, this 
work has led to conflicted results.  
 
While it is established that chocolate is often craved, it is valuable to view the definition 
of chocolate craving in a systematic manner. Chocolate craving is defined using terms 
such as preference, liking, and use. Use is defined as “the objective measurement of 
amount consumed,” (Rozin, Levine et al. 1991). In the United States, chocolate use 
translates to consumption of about 5.3kg per person per year (Association of Swiss 
Chocolate Manufacturers). The use of chocolate is important economically, as despite the 
fact that cocoa prices hit a 30 year high in 2011, there still has been a 6% growth in the 
chocolate sector since 2006, and in 2011, retail sales of chocolate reached $18.6 billion 
(Browne 2012). While use is relatively straightforward, there is a distinction between 
preference and liking. Preference requires a choice between two alternatives, while liking 
is a measurement of an attitude towards a particular food. Craving is referred to as a 
special case of liking, but it is more intense, is periodic, and motivates behavior aimed at 
obtaining the craved food (Rozin, Levine et al. 1991). Craving is also defined as a 
specific food desire that varies on intensity as a function of specific situational factors 
(Cepeda-Benito, Gleaves et al. 2000). The vernacular use of the word craving coincides 
with the concept of specificity, as 69% of participants agree their experience of a craving 






The idea of specificity is also very important, especially when contrasting a food craving 
with hunger. Under feelings of hunger, numerous foods could be satisfying. Craving is 
different from hunger because it is the desire for something specific. However, similar to 
hunger cravings can increase after presentation of visual and taste stimuli regardless of 
hunger state (Lambert, Neal et al. 1991). Hunger can make cravings more likely to occur, 
but is not needed for a food craving to occur (Pelchat, Johnson et al. 2004). Some 
evidence supports that chocolate cravings are reflective of the physiological state and a 
craving or hunger for them may reflect needed nutrient intake, however there is also 
evidence to support that chocolate cravings are independent of an individual’s 
physiological state (Hill and Heaton-Brown 1994). It is also well established that 
chocolate craving is based on more than fulfilling a biological need for nutrients 
(Weingarten and Elston 1990).  
 
Previous literature has identified sensory and hedonic factors as the key mechanisms that 
drive cravings. Chocolate craving can be classified as a specific hedonic hunger rather 
than homeostatic hunger, as it is often consumed in the absence of an energy deficit. 
Hedonic hunger is a relatively recent concept as the psychological and physical 
availability of food has created a new type of eating motive. Psychological availability 
indicates that it is now socially acceptable to eat anywhere and anyhow (Lowe and 
Butryn 2007). However, despite the obesogenic environment where it is socially 
acceptable to consume food in a variety of settings, a desire for chocolate would still be 






cognitively as an indulgence, and it would not be socially appropriate to consume it in 
amounts that would satisfy a hunger state (Rogers and Smit 2000).  
 
2.3.1 Chocolate craving defined: chocolate craving is not an addiction 
Often in vernacular terms, frequent craving for a particular food item is synonymous with 
“people with addiction” for that specific food.  A review of the phenomenon of craving 
using chocolate as a case study illustrates that there are a lot of neural activation 
commonalities between drug addiction and food craving pathways (Gearhardt, Yokum et 
al. 2011). Ultimately, however, the bulk of scientific evidence shows that food craving 
should not be classified as an addiction, as it is hard to label a substance that supports life 
itself as an addictive substance. Attributes of food craving that may appear similar to an 
addiction state include, “psychoactive mood effects, environmental control of appetites, 
and the cognitive factors of restraint, ambivalence, and attribution” (Rogers and Smit 
2000). In addition, chocolate has strong rewarding effects, making it a strong reinforcer. 
Food reinforcement is defined as a stimulus that increases the rate of behavior that it 
follows (Epstein, Leddy et al. 2007). Food reinforcement effects have been demonstrated 
by the activation of the mesolimbic dopaminergic system and the influence of the opioid 
system (Martel and Fantino 1996). Further, food cues in the absence of actual 
consumption can trigger dopamine neurotransmission in the dorsal striatum to elicit 
motivation toward a certain food (Volkow, Wang et al. 2002). There is a lack of 
diagnostic criteria for food addiction in humans, but animal studies have used the 






Food addiction has been measured by giving mice free access to sugar and then assessing 
symptoms of withdrawal and intake after a period of sugar restriction. Symptoms of 
withdrawal include anxiety, aggressive behavior, vocalization, and depression (Avena, 
Long et al. 2005). However, the opiate- like withdrawal symptoms found using sugar as a 
model for food addiction were not demonstrated in fat fed and fat deprived animals 
(Avena, Rada et al. 2009; Bocarsly, Berner et al. 2011). This suggests that the 
mechanisms of food addiction are not universal, and it should be noted again that foods 
and kilocalories, unlike drugs, are needed for survival, so these pathways may very well 
be evolutionarily sanctioned. Caution in using animal models alone to demonstrate 
addiction in humans should also be exerted (Ahmed 2010). 
 
Aside from sugar and fat, chocolate also contains substances such as biogenic amines, 
xanthine, theobromine, magnesium, and caffeine.  As with the weak evidence in human 
models that sugar is addictive, there is little evidence for chocolate to be considered an 
addictive substance due to other components in the chocolate matrix. There are higher 
levels of these substances found in other foods that do not cause those foods to be 
addictive, for example biogenic amines are present in higher levels in cheddar cheese or 
pickled herring and they are not “addictive” (Rozin, Levine et al. 1991). A white 
chocolate bar, with similar sensory properties as a chocolate bar without the biogenic 
compounds, decreases chocolate craving ratings. Cocoa capsules that contain the 
bioactive ingredients of chocolate without the sensory properties, do not reduce chocolate 
cravings, suggesting that there is no role for pharmacological attributes, and chocolate 






Methylxanthines in chocolate may play a role in liking chocolate, specifically as an 
explanation of why the liking for dark chocolate can be an acquired taste, but craving 
ratings regarding methylxanthines in chocolate have not been addressed (Smit and 
Blackburn 2005). 
 
In addition to the fact that the components of chocolate are not addictive, chocolate 
consumption is different from drug addiction in that there is little evidence for physical 
dependence. There is little tolerance, sensitization, and withdrawal related to chocolate 
consumption, all of which are associated with the neuroadaptive effects of drugs. It is 
suggested that while the learning process plays a role in drug addiction, it is one of the 
main mechanisms of chocolate craving. Chocolate craving therefore is a strong desire 
rather than an addiction (Rogers and Smit 2000). In the classical sense, drug addicts are 
often diagnosed as “addicts” due to physiological responses that occur in conjunction 
with cravings when presented with drug-related cues. In chocolate cravers, no clear 
evidence has been presented to show that so-called chocolate addicts have an increased 
physiological response to chocolate compared to non-addicts, suggesting that perhaps 
addict is not the correct term to ascribe to high chocolate cravers (Tuomisto, 
Hetherington et al. 1999). Clinical criteria for drug addiction can also include the severity 
of the consequences resulting from discontinued use of the substance, whereas attempts 
to restrict the substance results in negative consequences. In individuals that exhibit 
normal eating behavior, it is hard to diagnose chocolate consumption as addiction, as 
there are no documented failed attempts to restrict it that result in severe negative 






In this fashion, chocolate craving is not harmful for most people, however it has been 
found to be associated with disordered eating behaviors (Lafay, Thomas et al. 2001; 
Moreno, Warren et al. 2009). Self-reported chocolate cravers consume more chocolate 
than non-cravers in laboratory conditions, and score higher on scales that measure 
problem eating behavior or dissatisfaction with body image and depression (Tuomisto, 
Hetherington et al. 1999).  In addition, studies focusing on the transition of normal eating 
to binge eating find that instead of having positive effects after consumption, binge eaters 
start consuming palatable food due to the negative reinforcing effects, or behavior 
motivated at preventing a negative emotional state caused by the environment or the 
withdrawal from the substance (Parylak, Koob et al. 2011).Therefore, the term “chocolate 
addiction” may be applicable to binge eaters, but not for normal eating behavior 
exhibiting individuals that crave chocolate. It is hypothesized by some that the way food 
is used, in a restrictive but available manner, could produce a loss of control of eating 
(Corwin and Grigson 2009).  The recently verified Yale Food Addiction Scale may be a 
way to distinguish self- identified food cravers from those that have lost control over their 
eating behavior and are disordered in their eating behaviors. This subset of individuals 
that have lost control do not obtain the positive reinforcement gained from eating and 
have disordered eating and binging behavior tendencies (Gearhardt, Corbin et al. 2009; 







2.4 Chocolate craving and positive emotions based on sensory properties 
Despite the ability of chocolate to act as a positive reinforcement, a negative 
reinforcement, or both, when consumed, there is a clear interaction between chocolate 
ingestion and positive emotion. However, there is little evidence for this liking of 
chocolate to be pharmacologically based (Rozin, Levine et al. 1991). The argument that 
the chocolate craving mechanism is based on deriving pleasure from sensory 
characteristics is further supported in that positive emotions are most pronounced at 5 to 
30 minutes after consumption. This is indicative of  early sensory mechanisms rather than 
pharmacological effects or neurochemical changes that would occur at later time points 
(Macht and Dettmer 2006). Research suggests that chocolate specific craving is 
principally related to the unique sensory properties of chocolate, particularly the body 
temperature melting point that imparts a characteristic mouth feel in combination with the 
pleasant aroma and taste of cocoa butter (Rozin, Levine et al. 1991). Data also supports 
that chocolate cravings are satisfied by sensory characteristics of the chocolate itself 
(Michener and Rozin 1994). Chocolate craving is not confounded with sweet craving 
based on self –report data as cravers report there is no non-chocolate substitute when they 
crave chocolate. This further confirms that there is something about chocolate 
consumption that is a  unique sensory experience that can induce cravings (Weingarten 
and Elston 1991). Craving for chocolate has also been demonstrated as a form of self-
medication based on mood, and is independent of other mechanisms, such as being a 
product of dieting or restrained eating. In times of a negative emotion state as opposed to 






state. Eating as a distraction, eating to relax, or eating to feel better are all ways eating 
functions to influence mood. Irregular eating is also common in these mood related eating 
episodes (Macht and Simons 2000).  Instances of food craving are only weakly associated 
with dietary restraint, but are significantly influenced by mood and high food stimulus 
salience (Hill, Weaver et al. 1991). 
 
2.5 Chocolate snacking behavior and restriction 
In contrast to positive emotion seeking behavior as a mechanism that drives chocolate 
craving, it has also been suggested that cravings are induced by abstinence, which 
explains why cravings are highest when the withdrawal is the most severe (Weingarten 
and Elston 1990). Restrained eaters chronically diet, and ignore internal cues, such as 
hunger, in an attempt to follow self-set dieting regimens (Papies, Stroebe et al. 2008). 
This makes a restrained type of eater susceptible to chocolate cravings, as a highly 
palatable and energy-yielding food such as chocolate would be restricted from the diet. 
Restriction has been related to frequency of cravings, with the most craved foods being 
the ones that dieters were attempting to restrict (Massey and Hill 2012). In instances of 
successful restrained eaters, food restriction is effective in reducing energy intake in the 
short term, however the cycle of craving that leads to eventual overeating is never 
completely severed due to the neuromolecular mechanisms that respond to palatability 







Chocolate snacking is specific in the instance of restriction, due to the lack of a similar 
food to substitute in its place. For example, deprivation of chocolate leads to an increase 
in consumption post-deprivation in restrained eaters in contrast to a vanilla flavor diet 
restriction or a control of no diet restriction (Polivy, Coleman et al. 2005). Other short 
term studies have found that consumption is not increased, but thoughts about the 
forbidden product, and the desire to consume the restricted product increase (Mann and 
Ward 2001). While craving and amount consumed have not been shown to be related in 
some studies, highly stressed individuals are more likely to eat both sweet and high fat 
foods (Habhab, Sheldon et al. 2009). Also, the increased intake of a forbidden food has 
been correlated with disinihibition as determined by the validated Three Factor Eating 
Questionnaire (TFEQ) (Stunkard and Messick 1985; Hetherington and MacDiarmid 
1993).  After the  restriction of a favorite snack, only high disinhibition, high restraint 
(HDHR) individuals over-consume the snack post-restriction (Soetens, Braet et al. 2008). 
Traditionally, groups with high disinhibition scores and low restraint scores (HDLR) 
consume the most food regardless of the situation, while groups with either: a) high 
disinhibition scores and high restraint scores (HDHR) or b) low disinhibition and low 
restraint (LDLR) are susceptible to overeating under stress. A forth category of low 
disinhibition, high restraint (LDHR)  individuals are unaffected by stress with regard to a 
maladaptive eating behavior outcome (Haynes, Lee et al. 2003).  It has been suggested 
that the anticipation of going on a diet can cause HDHR overweight eaters to consume 
more, known as the “last supper effect” (Eldredge, Agras et al. 1994).  For example, 
when individuals are made to believe they had to go on a diet for the next week versus a 






condition consumed more cookies in a taste test than restrained eaters in the non-diet 
condition. In this fashion, the anticipation of a diet promotes disinhibition in high 
restrained eaters, and because a diet is starting tomorrow, overindulgence can happen in 
the present (Urbszat, Herman et al. 2002). 
 
In addition to disinhibition resulting in increased consumption, cravings have been 
translated to consumption amounts when experiments are conducted in a laboratory 
setting. Cravings for specific categories of snacks such as sweet starch products (i.e. cake, 
cookies) fats, and non-sweet starch products (i.e. bread, pasta) are related to their 
consumption in the laboratory (Martin, O'Neil et al. 2008). However, in a controlled 
setting, the study of restrained eaters depends heavily on their success in dealing with 
disinhibitors in order to influence consumption. The behavior of restrained eaters in the 
laboratory may demonstrate overeating, under eating, or an equal amount of eating 
compared to a non-dieter on any given day (Hill, Weaver et al. 1991). Also imposing a 
diet, or forced deprivation, as opposed to assuming a diet due to individual choice may 
have implications on intake (Cartwright, Stritzke et al. 2007).  Among subjects that were 
restricted from chocolate (forbid), or strongly encouraged not to have chocolate (forbid 
choice), the desire for the “forbid choice” food decreased, while the desire for the food in 
the “forbid” category increased. Neither condition showed an increase in chocolate 
consumption resulting from the increased cravings, but this deprivation was short term 
(Mann and Ward 2001). Overall, while long term successful cognitive restraint does not 






defining chocolate craving, inducing a chocolate craving, and assessing chocolate craving 
and consumption that can influence the outcome of a particular study. 
 
2.6 Methods to assess chocolate craving: chocolate craving and restraint 
A review of cravings suggests multiple ways a food craving can be assessed (Weingarten 
and Elston 1990). Specifically, studies have measured weight of consumption, speed of 
consumption, and psychophysiological measures such as heart rate, and salivary 
excretion. The discussion that consumption should not be used as a standalone measure 
of cravings is debated as the two are logically circular. In addition, it is cautioned that 
salivary secretion could just be a product of thinking about impending consumption, or a 
cephalic phase reaction (Gendall, Joyce et al. 1997). Alternative methods to assess 
craving have been explored. The time spent on an anagram when the participant knows 
their chocolate snack is available has been utilized in addition to consumption levels to 
assess craving (Polivy, Coleman et al. 2005). Studies use Likert type scales to determine 
how much a target food is thought about and how much it is desired (Mann and Ward 
2001). The Food Craving Inventory was also developed to test if cravings are a 
standalone concept, or if there are identifiable subsets of foods within food cravings and 
population differences based on what specifically is craved.  Ultimately it is 
demonstrated that fat cravers had a higher BMI, and that cravings do correlate with 
consumption in this instance (White, Whisenhunt et al. 2002). Other methods have been 
developed that specifically focus on chocolate as a craved food item, but are unable to 






limitation of the Food Craving Inventory, the current study includes participants that are 
all frequent chocolate consumers and identification of the component in chocolate 
responsible for craving is not a primary objective of the investigation. While this scale 
provides insight regarding cravings, a measurement tool that characterizes the chocolate 
craving experience in a way that is relatable, and distinguishes those that are susceptible 
to the pre-and post- restriction chocolate period from those that are not would be more 
pertinent.   
 
2.6.1 Orientation to chocolate questionnaire 
The Orientation to Chocolate Questionnaire (OCQ) analyzes the  components of 
chocolate craving (approach, avoidance, and guilt) and correlates them to self- reported 
consumption amounts and frequency of consumption (Cartwright, Stritzke et al. 2007). 
Using the OCQ, guilt and avoidance are positively predicted by restrained and disordered 
eating (i.e. body image dissatisfaction and binge eating tendencies), while approach is 
negatively predicted by restrained eating. Gender accounts for a significant amount of 
variance in restrained eaters, and BMI explains a small amount of variance in restrained 
eaters (Cartwright and Stritzke 2008). Even in older children, conditions of high guilt, 
strong avoidance, high BMI, and being female are associated with increased dieting 
(Cartwright, Stritzke et al. 2007) meaning that notions regarding chocolate and body 
image are strongly culturally ingrained from a young age. Overall, using the OCQ, 
craving dimensions differentially predict frequency and quantity of chocolate 






to the current investigation to characterize why certain participants consume more 
chocolate than others, the participants in the study are unaware of the focus on chocolate 
as to not disrupt normal consumption patterns. An administered questionnaire focused on 
chocolate craving would alert attention to the true nature of the study and may induce 
feelings of guilt or avoidance concerning consumption given the outright nature of the 
questions. Also, participants consume other types of snacks in addition to chocolate, and 
a more generalized approach to craving may be more appropriate to truly characterize 
snack consumption behavior in the study.  
 
2.6.2 Attitude to chocolate questionnaire 
The Attitude to Chocolate Questionnaire (ACQ) is another questionnaire that was 
developed to assess the mechanisms of chocolate craving (Benton, Greenfield et al. 1998). 
This questionnaire includes guilt, a functional approach to chocolate, and craving. 
Craving is further divided into the categories of general preoccupation with chocolate, or 
craving under instances of emotional stress. Unlike the OCQ, using the ACQ and self-
reported data, high craving, but not guilt is associated with consumption of chocolate. 
The ACQ has been verified using a German version of the ACQ, and used in conjunction 
with the dimensions of eating behavior, personality, emotionality, and tests of the 
pleasantness, sweetness, and intensity of sugar and chocolate (Müller, Dettmer et al. 
2008). This combination of variables found that guilt correlates significantly with the 
Dutch Eating Behavior Questionnaire (DEBQ) factors, emotional eating and restrained 






factor ‘‘difficulty identifying feelings.’’ This demonstrates that there is a tendency to 
crave chocolate when participants experience strong mood and emotion states. A third 
factor termed functional approach, defined as using chocolate as an energy source or 
meal substitute, was found by Benton et al. (1998) but has not been replicated by others. 
Other craving questionnaires also demonstrate that guilt scores are more associated with 
disordered eating than high craving scores (Cramer and Hartleib 2001). As with the OCQ, 
the ACQ calls outright attention to chocolate, and despite international replication of the 
questionnaire, the fact that replication efforts have not been consistent is justification to 
use an alternate scale that is used more prevalently in the literature. 
 
2.6.3 Food cravings questionnaire (FCQ) 
Recent studies make use of the Food Cravings Questionnaire to measure cravings. It was 
created to unify the general combination of questions using subjective self-reports that 
are asked in craving studies, and to measure the overall psychometric aspects of craving. 
It consists of two self-report subscales: the Food Cravings Questionnaire-Trait (FCQ-T) 
and the Food Cravings Questionnaire-State (FCQ-S). The State subscale assesses the 
function of context (stress, mood, hunger, and hormone cycles) in specific cravings, 
encompassing the psychological and physiological aspects of food cravings. The Trait 
subscale is based on identifying the craving profiles within individuals or populations. 
Previous studies have found that the FCQ-T has excellent internal consistency (overall 
alpha=.97 and subscale alphas ranged between .81-.94) (Cepeda-Benito, Gleaves et al. 






and subscale test-retest reliability ranged from r=.72-.88). The internal consistency for 
the FCQ-S was also excellent (overall alpha=.94 and subscale alphas ranged from .82-
.88), but the test-retest reliability was lower for the FCQ-S (overall r=.56 and subscale 
test-retest reliability ranged from r=.40-.63). A modification to the FCQ-S might be 
needed in future research studies, given that this subscale appears to have lower 
reliability over time than what is recommended.  
 
The FCQ-S and FCQ-T were modified to create the Food Chocolate-Craving 
Questionnaire Trait and State (FCCQ-S, FCCQ-T) by tailoring the questions to chocolate. 
The internal consistency of the FCCQ-S and FCCQ-T were verified by testing women 
from Britain and Spain (total score alpha=.97)(Rodríguez, Warren et al. 2007). It is 
suggested that the FCCQ-T be used over the ACQ as it gives more of a “fine-tuned 
multidimensional assessment” which extends its use and versatility, especially in 
differentiating stable trait cravings from context varying state cravings (Rodríguez, 
Warren et al. 2007). The FCQ-T has also been remodeled and renamed as the Trait and 
State General Food Cravings Questionnaires (G-FCQ-T and G-FCQ-S) with the purpose 
of creating a more economical and time efficient questionnaire that lends itself to more of 
a general craving than a specific craving assessment instrument (i.e.. the G-FCQ-T was 
edited down to a 4-factor structure from a 9-factor structure). This modification was 
based on a study using the FCQ-S and FCQ-T that found evidence for the emotional 
craving function, but not the guilt and craving as a physiological state function, so they 
were removed to create an abbreviated questionnaire. Also, the relationship between the 






G-FCQ-T scores correlate well with the emotional eating and the external eating function 
of the DEBQ based on Pearson correlations (Nijs, Franken et al. 2007), which provides 
evidence for convergent validity. As the FQC and the subsequent variations of the 
questionnaire are well validated, generalized and not specific toward chocolate, and 
differentiate between state and trait conditions, this questionnaire is an appropriate choice 
for the objectives of the current study to determine if there is a difference in craving 
status regarding individuals susceptible and those not susceptible to the pre-and-post 
chocolate restriction periods. However, as the concept of guilt seems to be specific to the 
nature of chocolate based on previous studies, the non-abbreviated questionnaires that 
include the construct of guilt will be used.  
 
2.6.4 Guilt and dietary restraint 
As the various questionnaires designed to analyze cravings report contradictory outcomes 
regarding the role of restraint and guilt, it is valuable to further explore the literature on 
this topic and characterize the role of guilt pertaining to chocolate consumption. The 
concept of guilt and its association with chocolate consumption is both a cognitively and 
socially derived notion. Chocolate can be framed in terms of ambivalence where 
chocolate is “naughty but nice.” This paradox occurs simply because chocolate is a 
palatable indulgence, but is socially expected to be eaten with restraint. This gives 
chocolate cravers both pleasure and anxiety when faced with chocolate (Rogers and Smit 
2000). In this fashion, food craving has been related to reward sensitivity, in addition to 






feelings of guilt after chocolate consumption. Guilt is associated with chocolate in both 
dieters and non-dieters, but dieters are more likely to categorize foods based on guilt/non-
guilt (King, Herman et al. 1987). Diet independent of restraint, does not appear to change 
one’s craving for chocolate, nor is it affected by images of chocolate (Fletcher, Pine et al. 
2007). However, it has been demonstrated that dieters experience more negative feelings 
concerning control than non-dieters. Guilt, especially in overweight individuals, could 
arise pre-consumption in addition to post-consumption as a response to giving in to 
approach, and this could later lead to episodes of binge eating (Rodgers, Stritzke et al. 
2011). Often restraint scores do not predict actual food intake, but are correlated with 
guilt scores (de Witt Huberts, Evers et al. 2013). Dietary restriction in this sense is 
counterproductive as it increases the desire for the item being forbidden, and increases 
the likelihood of losing control while on a diet, further generating negative emotions and 
prompting eating. The influence of negative emotions is also demonstrated by a trial 
where participants that wanted to lose weight and associated chocolate cake with guilt 
were not successful in losing weight over a three month period compared to participants 
that also wanted to lose weight but associated chocolate cake with celebration (Kuijer and 
Boyce 2014). Taken together, restriction, worry, and guilt over food have also been 
demonstrated as counterproductive with regard to weight management. 
While dieters and dietary restraint are a focus of many studies, others report food 
cravings are not associated with dietary restraint (Weingarten and Elston 1991). When 
data was categorized into the groups of dieters that plan to lose weight versus dieters that 
plan to maintain and not gain weight, the dieters that plan to lose weight do have an 






craving was responsible for 37% of the documented cravings (Massey and Hill 2012). 
With regard to dieters, the FCQ-T scale is able to differentiate between successful dieters, 
unsuccessful dieters and non-dieters. Overall the difference in reported food cravings 
depends on the success or failure of the dieters (Meule, Lutz et al. 2012). An interaction 
was observed between restrained eating and FCQ-T scores, and for the first time, the idea 
was presented that the conflicted findings regarding restraint, cravings, and feelings of 
guilt in previous literature is a function of the restraint scale that is used. Validated 
restraint scales include the Revised Restraint Scale, the DEBQ, and the TFEQ, which 
identify restrained eaters (Stunkard and Messick 1985). 
 
2.6.5 Depravation of chocolate: a trait aspect 
Many studies suggest that chocolate craving is a trait aspect with less emphasis on 
restraint and disinhibition traits as behavioral drivers. In the face of a two week chocolate 
deprivation (Moreno-Dominguez, Rodríguez-Ruiz et al. 2012) in high versus low female 
chocolate cravers that were classified using the top and bottom percentile responses 
(scores above the 85
th
 percentile and below the 15
th
 percentile respectively) on the FCQ-T, 
the high craving but non-deprived group consumed the most chocolate. In addition, all 
deprived conditions experienced increased cravings for chocolate, supporting the 
forbidden food concept previously discussed (Mann and Ward 2001). High chocolate 
cravers had a significantly higher BMI than the low chocolate cravers at baseline, showed 
a more negative mood, felt guiltier after eating chocolate, and had more anxiety than non-






included in the scope of this study. High cravers were also found to be different than 
lower cravers with regard to the risk/clinical levels for the diagnosis of eating disorders. 
This significant difference between low cravers and high cravers remained, even when 
only the high cravers still below the risk and clinical levels for disorder diagnosis were 
considered (Rodríguez, Fernández et al. 2005).  This may be attributed to a motivational 
conflict theory of chocolate craving based on the differences between high and low 
chocolate cravers. The chocolate craving experience for high cravers is emotionally laden, 
as exposure to chocolate images activates both the appetitive and avoidance state 
simultaneously. This is why high chocolate cravers rate chocolate images as both more 
positive and more negative than low chocolate cravers. Overall, high cravers find 
chocolate images more pleasant, more arousing, but they experience less of a sense of 
control, which could perhaps tie into feelings of guilt found in previous studies. 
 
There is no difference in hunger between chocolate cravers and non-cravers although 
self-reported chocolate cravers ate two times as many chocolate bars/chocolate 
containing foods per week as non-cravers (Kemps, Tiggemann et al. 2005). A difference 
in hunger in high verses moderate cravers was not observed at baseline in another 
instance, but a significant difference in the presence of food was observed. Situations 
pertaining to appetite excitation and questions such as desire to eat and prospective 
consumption demonstrate a significant difference between high and moderate cravers. 
Despite having no difference in restraint measurements between the two groups, high 
cravers scored higher in disinhibition, hunger, external and emotional eating, were more 






cravers may have a tendency to be resistant to satiation, and lack sensory specific satiety 
compared to moderate eaters (Hetherington and Macdiarmid 1995). Taken together, 
craving status and disinhibition rather than restraint and hunger may be meaningful to 
assess chocolate craving. 
 
2.6.6 Males and females, cross cultural differences 
Many studies involving chocolate use only women as participants with the justification 
that women are more prone to dieting and negative feelings after satisfying a food 
craving (Hill, Weaver et al. 1991; Fletcher, Pine et al. 2007; Moreno-Dominguez, 
Rodríguez-Ruiz et al. 2012). An examination of comfort food which is defined as “foods 
that provide a dimension of psychological and physiological comfort when they are 
consumed” showed that women prefer snacks that are viewed as more unhealthy 
indulgences such as chocolate, while men turn to hearty foods such as steak. This choice 
preference explains why women are more likely to turn towards chocolate as a comfort 
food, and then feel guiltier about consuming it (Wansink, Cheney et al. 2003). However, 
whereas women tend to feel more guilty about consuming chocolate, the strength of 
craving chocolate and acting on craving does not differ between males and females 
(Cramer and Hartleib 2001). Approximately 86% of females and 85% of men are likely 








In addition, to similar craving behaviors, chocolate liking is not significantly different in 
males verses females. However, this particular analysis was completed  by excluding 
premenstrual cravers which may or may not have distorted the analysis (Rozin, Levine et 
al. 1991). While the menstrual cycle is often held responsible for chocolate craving in 
females, there is evidence to suggest that chocolate craving and its relation to the 
menstrual cycle is a cultural construct. Due to the fact that chocolate craving is strongly 
associated with the premenstrual period in American women but not Spanish women, it is 
theorized that in American women, the cue of the premenstrual period is associated with 
chocolate, and therefore triggers chocolate craving on future occasions (Zellner, Garriga-
Trillo et al. 2004; Osman and Sobal 2006). In addition, British women consume more 
chocolate and have more cravings than Spanish women, further suggesting that chocolate 
cravings are influenced by cultural factors (Rodríguez, Warren et al. 2007). This is 
consistent with a learning theory, where situational, or sensory cues entrain an 
expectation for a rewarding or a pleasurable consequence as a result of the craved food 
(Rozin, Levine et al. 1991; Gibson and Desmond 1999). Craving changes are also not 
associated with the lowering of mood during the menstrual/premenstrual cycle (Hill and 
Heaton-Brown 1994).  
 
In addition to using cultural comparisons to study the chocolate craving behaviors of 
premenstrual women, the question of cultural orientation towards chocolate has been 
examined. European countries consume more chocolate per person than the United States, 
with Switzerland, the UK, Belgium, Germany, and Ireland consuming the most. The 






in the United States (Afoakwa 2010). It is speculated that the demand for chocolate will 
increase greatly in Asian countries in the future, particularly China. After immigration, 
Asian students in America consume more salty and sweet snack items, and 25%  report 
consuming more chocolate, demonstrating that a preference for chocolate as a snack is 
easily adopted unlike other cultural food practices  (Pan, Dixon et al. 1999).  
 
Ultimately, the manufacturing, marketing, and economic processes are very different 
across cultures, and are responsible for the differences observed in chocolate consumer 
preferences and consumption patterns. The initial processing of chocolate is different 
from country to country, and differences are apparent in the mixing, refining, conching, 
termpering, and final crystallization of the product (Bordin Schumacher, Brandelli et al. 
2009). In terms of processing differences, in the United States, chocolate undergoes the 
conching process, or an agitation at high temperature, for shorter time durations than 
European chocolate which leads American made chocolate to be grittier in texture. In 
addition, most European chocolate is required to be at least 30% cocoa solid while the 
requirement in the United States is 10%. Finally, historic traditions are upheld in that the 
Spanish prefer bitter chocolate with minimal sugar as it was initially brought to them 
from the Americas, while the Swiss prefer milky smooth chocolate, as the production of 
milk chocolate was invented in Switzerland. Individuals in the United States traditionally 
prefer highly sweetened chocolate (Alberts and Cidell 2006). In terms of marketing, pure 
chocolate bars in Europe are marketed as a food that is incorporated into the lifestyle of 
active daily life, which may explain why it is consumed at higher levels. In contrast, 






part of a candy, cake or cookie rather than plain (Alberts and Cidell 2006). However, 
despite the underlying stereotype that Europeans value chocolate more for its pleasure 
aspects and have less of a stigma towards chocolate as being an unhealthy food, 
overweight French women still experienced high levels of guilt after chocolate 
consumption (Rodgers, Stritzke et al. 2011) suggesting that cultural notions may only be 
a part of how chocolate is viewed in everyday lifestyles.    
 
2.6.7 Justification of participant characteristics and design 
To be able to generalize the effect of restriction of a food product in a particular study 
sample to the entire population, specific participant eligibility characteristics were 
included when considering the study design. Both healthy males and females of all races 
and ethnicity groups were recruited with the caveat of having lived in the United States 
for at least a majority of their life as different cultures have different behaviors and 
preferences concerning chocolate consumption as previously discussed. In addition, 
individuals were characterized as high and low disinhibitors based on a tertile split of the 
TFEQ with the rationale to focus on the extremes of disinhibited eaters. Many previous 
studies set limits for traits post-hoc based on the sample recruited, however by pre-
selecting for a specific range, it ensures data are more robust for a defined group. The use 
of both males and females is justifiable as the current craving literature is heavily based 
on female sample populations, and it is useful to have craving information regarding 
males in addition to females to be able to generalize findings to the entire population 






In addition, the study was designed as a single blind study towards the restricted food, 
chocolate, which has not been explicitly explored previously in the restriction literature. 
Subjects were unaware that the study was about chocolate intake and assumed that it was 
only one of many snack food options. This is justified, as dietary restraint causes eaters to 
ignore internal cues such as hunger, and be more responsive to environmental cues 
(Papies, Stroebe et al. 2008). Shifting the focus away from chocolate ensured that the pre- 
















2.7 Current research implications and hypothesis  
The various contributors to chocolate craving identified in the previous literature 
review are depicted above in Figure 2.1. In particular, the area of study involving 
restraint, abstinence, disinhibition, and the impact of these factors on craving is robust. 
Yet despite examining similar concepts, conflicting findings from studies on the topic 
stem from the fact that there is not one standardized way to define, induce, or measure a 
craving (Rozin, Levine et al. 1991). In addition, past studies that have induced and 
measured cravings have limitations. For example, using a target food that may be easily 
substituted or not having a method to enforce compliance concerning the restricted food 
is problematic in that it could weaken the effect of the craving, and thus weaken the 
results of the maladaptive behaviors resulting from cravings. This may be the reason that 
increased craving does not necessarily translate to increased consumption (Hill 2007). 
Also, previous chocolate and snacking restriction studies are confined to a laboratory 
setting instead of free-living, are short term, and are obvious as to the actual goal of 
inducing temptation during the restriction periods, particularly in one instance where 
participants had to carry around a bag of the prohibited food with them at all times 
(Stirling and Yeomans 2004; Soetens, Braet et al. 2008). Another aspect of chocolate 
craving that is unclear from previous research is if chocolate craving is specific, or if the 
craving can be fulfilled by alternate snacks of different sensory and nutritional traits. 
While chocolate entails a unique sensory experience that can induce cravings 
(Weingarten and Elston 1991), it is unclear if the craving itself is confounded with sweet 






by previous studies, the knowledge gained from the influence of an anticipatory 
restriction period on intake may be more applicable to daily life and the mindset of a 
dieter. 
 
Given these past limitations and areas of uncertainty in previous literature, the current 
study aims to examine behavior under a forced chocolate restriction with a focus on the 
anticipatory restriction period and the post-restriction period. Many individuals have 
difficulties in maintaining a weight loss diet, and perhaps succumbing to cravings and the 
overconsumption of palatable foods due to restriction of these foods from the diet could 
explain this phenomenon (Papies, Stroebe et al. 2008). This mechanism might also 
support that chocolate consumption in moderation, rather than a restriction of chocolate 
may be healthy, and explain the results in a recent study that found an increase in the 
frequency of chocolate consumption was associated with lower BMI (Golomb Ba 2011).  
As studies of restrained eaters depend heavily on their success in dealing with 
disinhibition to influence consumption, the focus of this study is on individuals that 
exhibit either high or low disinhibition, and artificially simulates restraint for all 
participants via a restriction period of chocolate. The hypothesis is that high disinhibited 
participants will be more susceptible to the anticipatory and post- chocolate restriction 








CHAPTER 3. MATERIALS AND METHODS 
3.1 Participant eligibility and screening protocol 
Participants (n=57) were recruited beginning in March 2013 via forms of public 
advertisement that included the Laboratory for Sensory and Ingestive Studies website, 
newspaper ads, social media, list-serves, and posted flyers (Appendix B ). After 
expressing interest via email, participants were asked to complete an initial health 
questionnaire, personality questionnaires, and a semi-quantitative food frequency 
questionnaire (Appendix D). Eligible participants were contacted via e-mail to schedule 
an enrollment visit and begin the study. 
 
Eligible individuals included those aged 18-60 years, not dieting, not allergic to test foods, 
not taking medications that affected appetite or metabolism, willing to comply to the 
study protocol and to eat test foods, report snacking between meals, and consume 
chocolate (> 4 times/week) based on a validated semiquantitative food frequency 
questionnaire used previously for chocolate intake (Willett, Sampson et al. 1985; Djoussé, 
Hopkins et al. 2011). In addition, participants were eligible if disinhibition scores 
measured by the Three Factor Eating Questionnaire were in the ranges of 0-5 or 10-16  






scores in the range of 0-5, or high disinhibition eaters with scores in the range of 10-16. 
An equal number of participants were recruited for the high and low disinhibition groups. 
Gender and ethnicity were not an eligibility requirement, and individuals of all genders 
and ethnicities were recruited. However, participants were required to have been born in 
the United States, or have lived in United States for the majority of their life, as different 
cultures have been shown to have dissimilar chocolate preferences and consumption 
patterns as previously justified.
 
3.2 Study design and testing day protocol 
The testing day protocol along with figures depicting the process are presented below. At 
the enrollment session, participants were asked to read and sign an informed consent 
form (Appendix C). Measurements taken at the enrollment visit included height (to 
nearest cm) using a wall-mounted stadiometer, as well as body weight and body fat (to 
nearest kg) using bioelectrical impedance analysis (Body Fat Analyzer Scale, Model 
TBF-410, Tanita Corporation of America, Inc. Arlington Heights, IL.). Questionnaires 
were administered and elicited information about cravings (Cepeda-Benito, Gleaves et al. 
2000), depression (Zung 1965), disordered attitudes towards food (Garner and Garfinkel 
1979; Stunkard and Messick 1985), sensation seeking (Stephenson, Hoyle et al. 2003), 
personality (Sato 2005), stress level (Sheldon, Kamarck et al. 1983), mood (Watson, 
Clark et al. 1988), and food attitudes (Raudenbush, Van Der Klaauw et al. 1995; 
Bushmakin, Cappelleri et al. 2009). After the initial screening and enrollment period, 






3.2.1 Phase one: baseline consumption of chocolate 
Participants visited the laboratory on Monday, Wednesday, and Friday for a week under 
the intentional misdirection that they were participating in a study examining the effect of 
different snacks on blood pressure, and that each snack category would be provided to 
them for a period of one week.  For the first week, at each session, the participant was 
provided with a bag containing a large serving size, 250 grams, of their preferred 
chocolate choice to take home to consume the amount they desired at their leisure. 
Participants chose one chocolate type for each day, but were given the option of 5 
different types of chocolates as choices in hopes that at least one option was desirable 
given individual preferences. Both milk chocolate and dark chocolate were included as 
chocolate options to account for individual preference (See Appendix E for a descriptive 
listing of snack types and brands). Participants were instructed to bring the uneaten 
portion back to the next session. Participants were also provided with separate snack bags 
to take home on days that they did not come into the laboratory (Tuesday, Thursday, and 
the weekend). On Monday, Wednesday, and Friday, body weight was measured on a 
clinical scale, and body composition was measured by bioelectric impedance (Body Fat 
Analyzer Scale, Model TBF-410, Tanita Corporation of America, Inc. Arlington Heights, 
IL.).  The participants were told that the purpose of the body analysis was to measure 
body water which can influence blood pressure. At each visit, 3 blood pressure (BP) 
measurements were taken (Series 5 Upper Arm Blood Pressure Monitor BP742, Omron 
Inc. Bannockburn, IL.) Participants answered appetite and mood questionnaires while BP 






consumption was covertly measured by weighing what was returned from the 
participant’s snack bags after the participant had left the study session, and recorded as 
the “baseline consumption.”  
3.2.2 Phase two: pre-restriction of chocolate 
The length and protocol of Phase 2 was similar to Phase 1, and participants were given 
the same treatment and chocolate snack options. However, during every visit of Phase 2, 
participants were informed that theobromine in chocolate may influence BP 
measurements, as theobromine is a demonstrated vasodilator. Participants were told that 
they will be asked to refrain from eating chocolate, as it is the major source of 
theobromine in the diet, for the following 3 weeks, but that they were going to be given 
chocolate for a second week to obtain an accurate baseline measurement of blood 
pressure with theobromine in their system. Daily chocolate candy consumption was 
measured by weighing what was returned from their snack bag after the participant had 
left the study session, and recorded as the “pre-restriction consumption.”  
 
3.2.3 Phase three: restriction of chocolate 
Phase 3 entailed total chocolate restriction for 3 weeks. Participants continued to visit the 
laboratory on Monday, Wednesday, and Friday for BP measurements and to fill out 
questionnaires, but instead of chocolate, they were provided with different substitutes in a 
random order each week: a) a salty snack, b) a non-chocolate sweet candy snack, or c) a 
natural (dried fruit) snack. These snacks were also provided in the same clear bag format 






manufacturer’s recommended serving size for each product, as the size of the serving 
influences intake regardless of product (Rolls, Roe et al. 2004; Wansink and Kim 2005). 
To ensure compliance to the restriction, a ruse was introduced in which participants were 
told that their saliva samples (collected using ordinary filter paper during their visits for 
BP measurements) will tell if they have been eating chocolate using a method developed 
by a study funded by the Hershey Center for Health and Nutrition (Ptolemy, Tzioumis et 
al. 2010). They were also told that their study compensation would be increased if they 
are found to be compliant during the 3-week chocolate-candy restriction period. In 
actuality, the saliva theobromine was not measured and all participants received full 
compensation for successfully completing the study. 
3.2.4 Phase four: post-restriction of chocolate 
In Phase 4, participants returned after the chocolate-candy restriction for the final week of 
BP measurements. Participants were told that the researchers are interested in 
investigating the effect on blood pressure with the re-introduction of theobromine into 
their daily diets and that they would be provided with chocolate snacks as in Phase 1. On 
the last session, participants were asked if they had been told the true purpose of the 
study by an outside source prior to completion of the study. Participants were then 
debriefed about the actual objective of this study. They were re-consented (Appendix C) 
and had the option to exclude their data from analyses after being informed of the true 
purpose of the study. Participants were told they would receive a payment of $25 as 
compensation for any inconvenience caused by participating in this study and that they 






compliant with the chocolate restriction.  Thus, participants received a total of $50 for 
























































3.3 Statistical analysis 
All statistical analyses were performed using SAS version 9.3 (SAS Institute Inc. 
Cary, NC. USA). As total energy intakes exhibited a positively skewed distribution, log 
transformations were used to improve normality. For ease of interpretation, all data 
values and standard errors are back-transformed to represent kilocalories consumed.  
Participants were grouped as high (1) or low (0) disinhibition based on the TFEQ as 
previous justified, and high ( >6) and low restriction (<7) based on the median. Data 
points of consumption less than 5 kilocalories on a given day were not considered to be 
an ingestive event, and were coded as 0, where other data points greater than 5 
kilocalories were coded as 1 and considered an ingestive event. When data points less 
than 5 kilocalories are included in all analyses, results are consistent as to when they are 
excluded, however these points are identified as outliers based on the studentized residual, 
and therefore removed. A logistic regression was conducted to determine how 
disinhibition and the pre- or post- restriction conditions predict the occurrence of an 
ingestive event.  A mixed model ANOVA was then run using the data where an ingestive 
event was initiated to determine if intake changed over time within chocolate condition 
(baseline chocolate consumption, pre-restriction period of chocolate and post- restriction 
period of chocolate consumption) using log of total kilocalories as a dependent variable, 
and the fixed effects of disinhibition, chocolate condition, and milk or dark chocolate 
choice. Differences in subject characteristics were analyzed using a one way ANOVA, 
and post hoc analyses using the t-test or Wilcoxon rank-sum test for data exhibiting non-
normality. Subject characteristic data in Table 4.1 are presented as ± standard deviation 
of the mean. Statistical significance was set at α = 0.05. Snack evaluation data was 
analyzed using a longitudinal regression model to evaluate change in response over time. 
Bonferroni corrections were applied for multiple testing, and resulted in a final criterion 







CHAPTER 4. RESULTS 
4.1 Participant characteristics 
A total of 789 individuals responded to study advertisements.  Fifty-seven individuals fit 
the inclusion requirements and were enrolled, and 56 completed the study.  Out of the 
789 interested individuals, 327 successfully completed the screening process, but were 
not included in the study as they did not meet the disinhibition trait eligibility 
requirement, or consume a serving of chocolate 4 times or more per week. Of these 
individuals, one participant was terminated from the study due to not showing for 
multiple study appointments. Participant characteristics grouped by disinhibition trait are 
summarized in Table 4.1. Participants in the high disinhibition trait category had a higher 
body weight, BMI, and fat mass. These participants also scored higher on the Power of 
Food Scale, exhibited more craving behaviors, were more depressed, scored higher on the 
EAT-26, and reported a higher preference for the chocolate provided in the study 
compared to individuals in the low disinhibition category. Low disinhibited participants 
reported to be significantly more stressed than high disinhibited participants. Restraint 













LOW DISINHIBITION HIGH DISINHIBITION 
Age (y) 25.1±9.2 30.9±12.5 




















TFEQ dietary restraint score 6.5±3.4 8.4±4.9 















State Crave  37.1±7.1
a
   46.0±9.1
b
   
Stress  26.5±5.0
 a
   21.2±6.2
b
   
Zung  30.5 ±6.0
 a
      36.9 ±9.1
b
      
Eat-26  5.6 ±4.2
a
        11.0 ±9.8
b
        
EPQR  8.3±3.1    8.3±3.4 
Finicky  8.5±3.6    9.6±4.2 







 Values with different superscript letters are significantly different, p  < 0.05 (t-test or 
Wilcoxon rank-sum test);  
2
 Mean ± SD (all such values).  
3
BW, body weight; BMI, Body Mass Index; FM, Fat Mass; TFEQ, Three-Factor Eating 
Questionnaire; Power, Power of Food Scale; Zung, Zung Self-Rating Scale (Depression); 
EAT-26, Eating Attitudes Test (Disordered Attitudes Toward Foods); Finicky, Food 
Attitudes Survey; BSS, Brief Sensation Seeking Scale 4; FASCho, Food Action Rating 








4.2 Effect of disinhibition and condition on chocolate intake 
4.2.1  Segmentation based on initiation of eating 
When chocolate intake data was segmented into meaningful ingestive events, defined as 
greater than 5 kilocalories, disinhibition score and chocolate condition (baseline, pre- or 
post-chocolate restriction) significantly predicted the occurrence of an ingestive event. 
High disinhibited participants had ingestive events less frequently than low disinhibition 
individuals regardless of the chocolate condition (p < 0.0001). When data from both high 
disinhibited participants and low disinhibited participants were aggregated, as depicted in 
Figure 4.1, it was apparent that ingestive events occurred less frequently in the baseline 
condition compared to the pre-chocolate restriction period (p < 0.005). Ingestion also 
occurred less frequently in the baseline condition compared to the post-chocolate 
restriction period (p< 0.0005). There was no difference in the amount consumed in the 
pre-restriction versus the post-restriction period (p< 0.15). These results maintain 







Figure 4.1 Estimated probability of an ingestive event. Ingestive events occurred less 
frequently in the baseline condition compared to the pre-chocolate restriction period (p < 
0.005) and in the baseline condition compared to the post-chocolate restriction period (p< 
0.0005). There was no difference in the amount consumed in the pre-restriction versus 
the post-restriction period (p< 0.15). 
 
4.2.2 Effect of disinhibition and condition on chocolate intake when eating is initiated 
When observations in which eating was initiated were analyzed with a mixed model 
ANOVA, total kilocalories consumed was predicted by disinhibition status (p < 0.0001), 
milk chocolate or dark chocolate selection (p <0.0102) and the interaction between 
disinhibition status and chocolate condition (p <0.0081). As depicted in Figure 4.2, low 
disinhibited participants consumed significantly less chocolate than high disinhibited 






participants consumed an equal amount of chocolate in the pre-restriction period 
compared to baseline intake (p >0.017), but consumed significantly less chocolate in the 
post-restriction period compared to baseline (p <0.0006). This finding is in contrast to 
high disinhibited participants who consumed the same amount of chocolate regardless of 
condition, as represented in Figure 4.4. These results maintain significance after 
Bonferroni correction for multiple testing resulting in a final criterion of p < 0.017. 
 
 
Figure 4.2 Estimated average intake of high disinhibited eaters versus low disinhibited 
eaters across all chocolate conditions. Different letters indicate significant difference in 
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Figure 4.3 Estimated average intake of low disinhibited eaters across the chocolate snack 
conditions. Different letters indicate significant differences, with an applied Bonferroni 
correction, in energy intake as a result of chocolate condition p < 0.017.  
 
 
Figure 4.4 Estimated average intake of high disinhibited eaters across the chocolate snack 
conditions. Different letters indicate significant differences, with an applied Bonferroni 
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In addition, as depicted by Figure 4.5, when segmented by chocolate condition and 
disinhibition, the only significant difference was between high and low disinhibited 
individuals in the post-chocolate restriction period when high disinhibited individuals 
consumed more energy from chocolate than low disinhibited individuals. Finally, as 
depicted in Figure 4.6, milk chocolate consumers consumed more energy (kilocalories) 
compared to dark chocolate consumers regardless of disinhibition status. While gender 
was not a primary outcome consideration in the current study, gender was not 
significantly associated with disinhibition (p= .7066). Males did consume more than 
females across the snack conditions, which is logical given the larger body weights and 
increased energy needs of males (males, 431.7+62.8, females, 318.4+37.7, p= .0006).  
 
Figure 4.5 Estimated average intake of high and low disinhibited eaters across the 
chocolate snack conditions. Different letters indicate significant differences, with an 
applied Bonferroni correction, in energy intake as a result of chocolate condition 
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Figure 4.6 Estimated average intake of milk and dark chocolate observations. Different 
letters indicate significant differences in energy intake as a result of chocolate type choice 
p < 0.05. 
 
4.3 Effect of disinhibition and condition on non-chocolate intake 
4.3.1 Segmentation based on initiation of eating 
When non-chocolate intake data were segmented into meaningful ingestive events (i.e., 
greater than 5 kilocalories), disinhibition score and condition (sweet non-chocolate, salty, 
or dried fruit) significantly predicted the occurrence of an ingestive event. Similar to 
chocolate intake patterns described above, high disinhibited participants had ingestive 
events less frequently than low disinhibited participants regardless of the chocolate 
condition (p < 0.0002). When data from both high disinhibited and low disinhibited 
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condition compared to the sweet non-chocolate condition (p < 0.0015). Ingestion also 
occurred less frequently in the dried fruit condition compared to the salty snacks 
condition (p <0.0008). There was no difference in the amount consumed in the sweet 
non-chocolate snack condition versus the salty snack condition (p< 0.03). These results 
maintain significance after Bonferroni correction for multiple testing, resulting in a final 
criterion of p < 0.017. 
 
4.3.2 Effect of disinhibition and condition on non-chocolate intake when eating is initiated 
When observations in which eating was initiated was analyzed with a mixed model 
ANOVA, total kilocalories consumed was significantly predicted by disinhibition status 
(p < 0.0006), and the interaction between disinhibition status and snack condition 
(p <0.05).   As depicted in Figure 4.7, low disinhibited individuals consumed 








Figure 4.7 Estimated average intake of high disinhibited eaters versus low disinhibited 
eaters across all non-chocolate conditions. Different letters indicate significant difference 
in energy intake as a result of disinhibition status, p < 0.05.  
 
 
As depicted in Figure 4.8, low disinhibited participants consumed an equal amount of 
dried fruit and sweet snacks, and an equal amount of salt and sweet snacks, but consumed 
more salty snacks than fruit snacks (p< 0.007). This is in contrast to high disinhibited 
participants who consume more salty and sweet snacks compared to dried fruit snacks 
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Figure 4.8 Estimated average intake of low disinhibited eaters across the non-chocolate 
snack conditions. Different letters indicate significant differences, with an applied 
Bonferroni correction, in energy intake as a result of snack condition p < 0.017.  
 
 
Figure 4.9 Estimated average intake of high disinhibited eaters across the non-chocolate 
snack conditions. Different letters indicate significant differences, with an applied 
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In addition, as depicted by Figure 4.10, when segmented by snack condition and 
disinhibition, the only significant difference was between high and low disinhibited 
individuals in the sweet non-chocolate snack condition where high disinhibited 
participants consumed significantly more than low disinhibited participants (p < 0.0001).
 
Figure 4.10 Estimated average intake of high and low disinhibited eaters across non-
chocolate snack conditions. Different letters indicate significant differences, with an 
applied Bonferroni correction, in energy intake as a result of snack condition p < 0.017. 
All significance comparisons are based on disinhibition status.
 
4.4 Effect of Snack Type on Emotional and Hedonistic Evaluations 
Participants reported to the lab on day 1, day 3, and day 7 of each snack condition. When 
asked to evaluate their emotional and hedonistic responses to the snack received at the 
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low disinhibited participants. Differences in hedonistic and emotional responses were 
also observed between the various snack categories. Change in emotional and hedonistic 
response was evaluated for each snack condition over time, but responses did not 
significantly change over time in any condition. Reported excitement for snacks was not 
statistically different over time, condition, or disinhibition category.   
 
4.4.1 Reported Guilt 
As depicted in figure 4.11, across all snack conditions, perceived guilt did not change 
over time. High disinhibited participants reported feeling more guilty about their 
snacking experience than low disinhibited participants (p < 0.004). An interaction was 
also noted with chocolate condition.  Specifically, as shown in figure 4.12, high 
disinhibited participants felt significantly more guilty than low disinhibition participants 
during the baseline chocolate condition (p < 0.0001).  As depicted in figure 4.13, when 
data from high disinhibited and low disinhibited participants were aggregated, all 
participants felt more guilty during the first week of the experiment, the baseline 
chocolate condition, (p < 0.0001).  In addition, participants felt significantly less guilty 
during dried fruit week (p <0.0055) compared to the other snack conditions, especially 








Figure 4.11 Perceived guilt ratings regressed over time. Reported guilt did not change 










Figure 4.12 Estimated average reported guilt of high and low disinhibited eaters across all 
snack conditions. Different letters indicate significant differences, with an applied 




Figure 4.13 Estimated average reported guilt of aggregated data across all snack 
conditions. Different letters indicate significant differences, with an applied Bonferroni 











































4.4.2 Reported Liking 
As depicted in figure 4.14, across all snack conditions, perceived liking did not change 
over time. Disinhibition status did not significantly impact reported liking for any snack 
condition. However,  as depicted in figure 4.15, when the data from high disinhibited and 
low disinhibited participants was aggregated, all participants reported liking the baseline 
chocolate snacks more than dried fruit snacks (p <0.0001).  In addition, liking was 
reported greater in the post-chocolate restriction condition compared to the dried fruit 
condition (p <0.0007) and greater in the salty snack condition than the dried fruit snack 
condition (p <0.0003).  Interestingly, while chocolate snacks were liked more than dried 
fruit in the baseline condition and the post-restriction condition, chocolate snacks were 
not liked more than dried fruit in the pre-restriction period even though the same snacks 
were provided for all three of the chocolate weeks. This suggests a negative impact of the 
pre-chocolate restriction on chocolate liking compared to baseline and post-chocolate 







Figure 4.14 Perceived liking ratings regressed over time. Reported liking did not change 









Figure 4.15 Estimated average reported liking of aggregated data across all snack 
conditions. Different letters indicate significant differences, with an applied Bonferroni 
correction, p < 0.0083. 
  
4.4.3 Reported Disgust 
As depicted in figure 4.16, across all snack conditions, perceived disgust did not change 
over time. Disinhibition status did not significantly impact reported disgust during any 
snack condition. However, as depicted in figure 4.17, when the data from high 
disinhibited and low disinhibited participants were aggregated, participants reported dried 
fruit as being more disgusting than chocolate in the post-restriction period (p <0.0009). 
The same snacks were provided in the baseline chocolate and pre-restriction chocolate 
conditions, but they were rated as significantly different with regard to disgust compared 
























Figure 4.16 Perceived disgust ratings regressed over time. Rated disgust did not change 








Figure 4.17 Estimated average reported disgust of aggregated data across all snack 
conditions. Different letters indicate significant differences, with an applied Bonferroni 
correction, p < 0.0083. 
 
4.4.4 Reported Healthiness 
As depicted in figure 4.18, across all snack conditions, perceived healthiness did not 
change over time. Disinhibition status did not significantly impact reported perceived 
healthiness for any snack condition. However, as depicted in figure 4.19, when the data 
from high disinhibited and low disinhibited participants were aggregated, participants 
reported that snacks provided during the dried fruit condition were significantly healthier 
than any other condition (p < 0.0001). In addition, sweet non-chocolate snacks were 
perceived as significantly less healthy than the salty snacks (p < 0.0001).
  





















Figure 4.18 Perceived healthiness ratings regressed over time. Rated healthiness did not 
change over time (visit day) for any snack condition.
 
 
Figure 4.19 Estimated average reported healthiness of aggregated data across all snack 
conditions. Different letters indicate significant differences, with an applied Bonferroni 
correction, p < 0.0083. 






















4.4.5 Reported Desirability 
As depicted in figure 4.20, across all snack conditions, perceived desirability did not 
change over time. While disinhibition status and condition alone did not significantly 
impact the perceived desirability of a snack (Figure 4.21), the interaction between 
condition and disinhibition status was significant. This significance was driven by the 
difference in desirability of the chocolate snacks provided in the post-restriction period 
(p <0.007). Low disinhibited participants found the chocolate snacks in the post-
restriction period to be less desirable than high disinhibited participants. This finding 
matches the intake difference in the post- restriction period, as low disinhibited 
individuals consumed less in the post- restriction period compared to baseline, whereas 









Figure 4.20 Perceived desirability ratings regressed over time. Rated desirability did not 
change over time (visit day) for any snack condition. 
 
 
Figure 4.21 Estimated average reported desirability of high and low disinhibited eaters 
across all snack conditions. Different letters indicate significant differences, with an 































As depicted in figure 4.22, across all snack conditions, perceived avoidance (rated in 
response to the question “I frequently avoid this type of snack”) did not change over time. 
Disinhibition status did not significantly impact reported perceived avoidance for any 
snack condition. However, as depicted in figure 4.23, when the data from high 
disinhibited and  low disinhibited participants were aggregated, participants reported that 
snacks provided during the dried fruit condition were significantly more avoided than any 








Figure 4.22 Perceived avoidance ratings regressed over time. Rated avoidance did not 









Figure 4.23 Estimated average reported avoidance of aggregated data across all snack 
conditions. Different letters indicate significant differences, with an applied Bonferroni 
correction, p < 0.0083. 
 
4.4.7 Reported Craving 
As depicted in figure 4.24, across all snack conditions, perceived craving did not change 
over time. High disinhibited participants did not report more cravings than low 
disinhibited participants as depicted in Figure 4.25, however the interaction between 
disinhibition and condition was significant. Specifically, high disinhibited participants 
reported more instances of craving for chocolate in the baseline condition ((p <0.003), 
pre-chocolate restriction condition (p <0.003) and post- chocolate restriction condition 
(p <0.002) compared to low disinhibited participants. However, low disinhibited 
participants reported craving dried fruit snacks more so than high disinhibited 
participants (p <0.004).  As depicted in figure 4.26, when data from high disinhibited and 
low disinhibited participants were aggregated, all participants craved dried fruit less than 






















chocolate in the pre-restriction (p <0.003), post-restriction (p <0.006), and  salty snacks 
(p <0.006). Sweet non-chocolate snacks were craved less than chocolate in the post-
restriction condition (p <0.001). 
 
 
Figure 4.24 Perceived craving ratings regressed over time. Rated craving did not change 








Figure 4.25 Estimated average reported craving of high and low disinhibited eaters across 
all snack conditions. Different letters indicate significant differences, with an applied 




Figure 4.26 Estimated average reported craving of aggregated data across all snack 
conditions. Different letters indicate significant differences, with an applied Bonferroni 














































The present findings demonstrate that high disinhibited individuals did not consume the 
provided snacks more frequently than low disinhibited individuals when combined or 
assessed by the individual types. However, when the high disinhibited individuals did 
initiate eating, they consumed more energy from the snacks than the low disinhibited 
individuals. This outcome supports the hypothesis that there would be a difference 
between high and low disinhibited eaters.  This result is also consistent with previous 
literature regarding the parallels of high disinhibited eaters exhibiting  binge-like eating 
behaviors (Bryant, King et al. 2008).  
 
The current results also replicate the conclusions of a study conducted on populations of 
high and low chocolate cravers. In this study, self-defined high chocolate cravers scored 
higher on disinhibition, hunger, external and emotional eating, were more depressed, and 
had a higher score on the binge eating disorder questionnaire (Hetherington and 
Macdiarmid 1995). This matches Table 4.1 which outlines the psychological profile of 
high disinhibited eaters. In addition, in the 1995 study, high cravers tended to be resistant 
to satiation, and lacked sensory specific satiety, the satiation for a food characterized by a 
specific sensory property in a single eating episode, compared to non-cravers. In the 
current study when eating was initiated, low disinhibited individuals consumed an equal 
amount of chocolate in the baseline and pre-restriction period, but consumed significantly 
less chocolate in the post-restriction period. High disinhibited individuals consumed the 






behavior in the post-restriction period between high and low disinhibited participants 
could either be interpreted as a lack of “long term sensory-specific satiety” or a 
diminished response to monotony in the high disinhibited individuals. Sensory specific 
satiety is the diminishing hedonic response to the sensory properties of a specific food as 
it continues to be consumed over time, but refers to stimulus satiation in a single eating 
episode rather than across a matter of days or weeks (Rolls 1986). Long term sensory 
specific satiety was termed based on the finding that refugees confined in a refugee camp 
for six months with a continuous diet of three foods rated three new foods as more 
pleasant compared to refugees that were only at the camp for two days (Rolls and de 
Waal 1985).  Long term sensory specific satiety has also been demonstrated in snacks as 
opposed to meals, and is thought to be responsible for the decrease in hedonic ratings 
when participants were fed the same snack for eight weeks verses a control condition of 
mixed snacks (Raynor, Niemeier et al. 2006). Snacking on chocolate has also been 
investigated regarding long term sensory specific satiety, as the pleasantness and desire to 
eat chocolate were found to decline over a period of 15 days while intake did not change 
(Hetherington, Pirie et al. 2002). While similar in concept to the results of the current 
study whereas low disinhibited individuals demonstrated decreased intake in the post- 
restriction period while high disinhibited individuals maintained intake and demonstrated  
increased desire and craving, caution should be exerted in the usage of the term “long 
term sensory specific satiety” as monotony, a decrease in preference over time as a 
function of how many times a specific food is consumed, may be a more reasonable 
explanation for these findings. The main difference between monotony and long term 






their decreased  pleasure for a repeated food stimulus while sensory specific satiety is a 
subconscious awareness (Hetherington, Pirie et al. 2002). Anecdotal evidence from the 
current study suggests that participants were well aware that they were experiencing 
monotony during the second and third weeks of chocolate snacks. Chocolate also may be 
particularly good at inducing feelings of monotony. Staple foods can be eaten on a 
frequent basis without perceived monotony, whereas highly palatable foods (i.e. 
chocolate) may be more well liked than staple foods, but might have a faster decrease in 
derived pleasure upon repeated exposure (Hetherington, Bell et al. 2000). Demonstrated 
both in humans and animals, it is proposed that habituation, or the decrease in response to 
a stimulus and then a subsequent return to full response with the presentation of a novel 
stimulus, may be the mechanism responsible for the effects of both sensory specific 
satiety and monotony (Swithers-Mulvey and Hall 1992; Epstein, Caggiula et al. 1993). 
The results of the current study therefore could demonstrate differences in the population 
regarding long term sensory specific satiety, monotony, or habituation depending on the 
interpretation of the definition of such phenomena. 
 
The psychological profile of high disinhibited eaters  and the parallels between 
Hetherington and Macdiarmid’s findings (Hetherington and Macdiarmid 1995) 
demonstrate that high disinhibited individuals and self-defined high craver individuals are 
highly correlated, and that there may be differences in the population concerning 
susceptibility to long term sensory specific satiety, monotony, or habituation. This 
hypothesis aligns with the emotional and hedonistic data presented in section 4.4.5, 






post-restriction period compared to the baseline and pre-restriction periods while no 
changes were observed with the high disinhibited participants.  
 
Alternatively,  another explanation of the difference in consumption in the post-
restriction period could be that high disinhibited individuals just prefer chocolate over 
low disinhibited participants as suggested by the significant difference in the Food Action 
Scale score (Table 4.1). High disinhibited individuals also reported craving chocolate 
snacks more than low disinhibited individuals; however liking scores were not 
significantly associated with disinhibition alone. In addition, baseline and pre-restriction 
consumption are similar regardless of disinhibition status indicating that reported 
cravings were not acted upon until the post-restriction period. Overall, chocolate 
consumption, regardless of condition, was greater in high disinhibited individuals, which 
indicates that preference, or potentially reported cravings, were acted upon. 
 
An additional finding was that sweet non-chocolate snacks may be an acceptable 
substitution for chocolate, at least compared to sweet dried fruit snacks or salty snacks 
based on equivalent total energy consumption in high disinhibited individuals. The 
greater chocolate and sweet snack intake in high disinhibited individuals compared to low 
disinhibited individuals might stem from greater inherent liking or drive to seek out sweet 
foods. The “sweet tooth hypothesis,” or the idea that individuals that seek out sweet 
snacks also consume a great amount of fruit (Wansink, Bascoul et al. 2006), was not 
supported in this instance as fruit consumption was much lower than any other snack 






may only extend to fruit in a non-dried form. The hedonic results indicate that individuals 
felt the dried fruit snacks were healthy and felt less guilty about consuming them 
compared to the other snack conditions, but potentially due to palatability factors, did not 
feel they had a “license to indulge” or over consume given the supposed healthy nature of 
the fruit snacks.   
 
This trial also revealed that consumers of milk chocolate ate significantly more 
kilocalories of chocolate compared to consumers of dark chocolate. The  concentrations 
of sugar and fat in chocolate are important in determining sensory characteristics 
(Guinard and Mazzucchelli 1999)  and  much of the flavor in chocolate arises from 
processing techniques (Beckett 2003) which may have influenced consumption based on 
the specific chocolate provided in the study. However, other studies have demonstrated 
that dark chocolate promotes satiety and decreases the desire to eat additional sweet 
foods based on the stronger flavor of the cocoa , or through the mechanism of slower 
gastric empting properties due to the increased prevalence  of  cocoa butter, and  hence 
steric acid, in dark chocolate (Steinberg, Bearden et al. 2003; Sorensen and Astrup 2011). 
Generally, milk chocolate is more energy dense due to its milk fat content. However, the 
average energy content of both the dark and milk chocolate options provided in the study 
was 5.0 kilocalories per gram, so that was not the cause of this discrepancy in the current 
study.   
 
Finally, the results support a role for guilt as a driver of consumption differences between 






consistently higher in high disinhibited individuals. These findings raise a question about 
whether guilt is higher in high disinhibited individuals due to the overeating itself, or if 
overconsumption of food in high disinhibited individuals occurs in response to negative 
emotions, such as feelings of guilt. Taken together with the result that eating events tend 
to occur more frequently in the pre-and post-restriction period compared to baseline, 
these findings suggest that, for some individuals, particularly those that exhibit high 
disinhibition tendencies and guilty feelings about snack consumption, outright restriction 






CHAPTER 5. STRENGTHS, LIMITATIONS AND FUTURE DIRECTIONS 
5.1 Strengths  
Data from the current study suggest that individuals, exhibiting the high disinhibition trait 
and feelings of guilt about snacking, may benefit from practicing moderation rather than 
outright restriction of chocolate due to susceptibility to overconsumption in a response to 
restriction. While previous work has examined the effects of  restriction, most notably 
conducted with children (Rollins, Loken et al. 2014), and also with abusers of drugs and 
alcohol (Cox, Gutzler et al. 2001), few study designs employ foods that individuals 
identify as a prime for an “addictive-type”  response. In addition, the uniqueness of 
chocolate serves as a model system for restriction and an inducer of cravings (Weingarten 
and Elston 1991). The use of a free-living study design can also be considered a strength, 
as it is expected that the behaviors captured in this study are reflective of actual ingestive 
behaviors instead of an artificial laboratory construct. Another strength of the current 
study design is that the restriction period was three weeks in duration. Most individuals 
that resolve to restrict foods and diet are unsuccessful at maintaining the restriction for 
periods ranging from a week to six months after starting the restriction (Norcross, Ratzin 






duration than previous restriction trials and may appropriately mimic the expected 
duration of a real life imposed restriction.  
The snack format and options provided also speaks to the strength of the study design. 
Participants had the choice of multiple snack options in each condition to ensure that the 
test food was well liked and results were not just an effect of initial palatability. The 
finding that ingestion of chocolate may be driven by behavior motivated by sweet taste 
rather than the sensory and nutritional profile specific to chocolate is also unique in that 
this finding did not extend to sweet, dried fruit. Pairing intake data, hedonic response, and 
emotional response allow for a more complete picture of ingestive behavior rather than if 
only one outcome was assessed. 
 
5.2 Limitations  
Despite the strengths of the study design, it is also worthwhile to consider the 
assumptions and resulting limitations of the study design. In this trial, it was assumed 
participants did not share their snacks, and that participants only consumed snacks 
provided by the study. It was also expected that participants maintained similar dietary 
habits at meals, similar exercise patterns, and substituted the provided snacks for their 
usual non-meal snacks throughout the study. In the instances that participants were not 






inadvertent meal compensation) the conclusions drawn from the results may be 
inaccurate.  
All in all, the free-living design relies heavily on the honor system regarding compliance 
to the study instructions.  While the finding that ingestion of chocolate may be driven by 
behavior motivated by sweet taste rather than the sensory and nutritional profile specific 
to chocolate is a valid outcome and a strength mentioned previously, these finding may 
be inherently flawed from the participant recruitment stage where high chocolate 
consumers were selected. These individuals may be high chocolate consumers because of 
their drive for sweetness instead of individuals that are willing to substitute sweet 
products for chocolate as the current study suggests. The generalizability to the overall 
population based on these high chocolate consumers also must be considered as a 
weakness of the current study, in addition to the limited diversity in participant 
demographics which would hinder generalizability to the overall population. 
 
The finding that chocolate intake did not increase in response to a restriction period was 
contrary to the hypothesis of the study, and is slightly counter-intuitive based on literature 
detailing the susceptibility of high disinhibited eaters to ingestive environmental cues 
(Bryant, King et al. 2008).This finding, or rather lack of finding, may demonstrate a 
critical defect in the study design. It may have been that high disinhibited eaters were 
more susceptible to environmental cues, but instead of the restriction cue as intended, 
were more susceptible to the effects of being weighed at every study visit. Previous 






regarding its impact on chocolate consumption. For example, participants modeled a 
confederate’s chocolate intake behavior, but when a scale was placed unobtrusively in the 
room, participants ate less than the confederate, demonstrating subconscious awareness 
of the health prime message (Brunner 2010; Brunner and Siegrist 2012). It would 
therefore be advisable to repeat the current investigation without the presence of a scale 
and without weighing participants at every visit to see if intake behaviors differ from the 
current findings. However, as part of the intentional misdirection for the reason behind 
the second week of chocolate, participants were told that “theobromine in chocolate may 
have beneficial effects regarding blood pressure” and this did not cause an unintentional 
health prime to increase consumption, but may have played a pivotal role in the finding 
that participants felt significantly more guilty during the first week of chocolate 
consumption than during subsequent weeks.  
 
In consideration to the snacks offered, while a variety of snack options increases the 
likelihood that participants will find the snacks desirable, it has also been demonstrated 
numerous times that increased variety promotes intake (Raynor and Epstein 2001; Kahn 
and Wansink 2004). The chocolate, salty, and dried fruit snacking conditions may have 
been more conducive to sensory specific satiety within a snacking episode due to lack of 
perceived variety and could explain the increased intake in sweet-non chocolate snacks in 
high disinhibited individuals compared to the other non-chocolate snack categories (Rolls, 
Rowe et al. 1982). As depicted in Appendix E, it should also be noted that the energy 
density of each snack option was about the same, but still ranged from 3.0 to 5.7 






salty snacks were more energy dense compared to the sweet and salty snacks, which 
makes overall comparisons concerning the amount of each snack type consumed difficult. 
In addition, portion sizes were not completely standardized, but four times the normal 
manufacturer defined portion size was provided to ensure that participants were given as 
much food as they desired.  
5.3 Future Directions  
Building upon the weaknesses identified and continued questions resulting from the 
conclusions of the current study, future directions could include examining the impact of 
behavior under restriction of other substances. Future testing using other consumable 
products such as soda or coffee in a restriction paradigm may be valuable, as such 
products contain caffeine, but in larger doses (Mandel 2002). The Diagnostic and 
Statistical Manual of Mental Disorders classifies between 15-25% of the caffeine 
beverage consuming population as dependent on caffeine (Keast and Riddell 2007) so 
these products  may have a stronger reinforcing value compared to chocolate and may 
exhibit magnified consumption differences in a pre-or post-restricted state. Sweetness, or 
sugar, is viewed by some as addictive, and while the data for “sweetness addiction” 
presented by animal and human investigations are weak (as referenced by Section 2.3.1), 
it might also be valuable to examine the concept of sweetness in a restriction paradigm. 
While many caffeinated beverages are confounded by sweet taste, this could easily be 
remedied (i.e. black coffee). Also, the intake before and after restriction of sweet non-
chocolate snacks is needed to be able to establish cause and affect claims concerning the 






Mandatory food diaries or daily food frequency questionnaires in conjunction with intake 
measurements would have been valuable to collect to help ensure compliance. In addition, 
this information would be beneficial to more accurately assess the substitutability of the 
different snack types, if outside snacks were eaten, and to determine if kilocalories 
derived from meals were reduced to compensate for extra snacking that may have 
occurred due to the availability of free snacks. The very nature of the study, or the 
offering of free, large portions of palatable food might have also induced excessive 
consumption and misrepresent real world energy intake (de Castro 2010). Demonstrative 
of this, the mean per capita daily intake of chocolate and candy in the United States is 
5.9g, or about 44 kilocalories, and constitutes about 3.1% of total saturated fat intake 
(O'Neil, Fulgoni Iii et al. 2011; Murphy, Barraj et al. 2013). Despite the fact that high 
chocolate consumers who probably consume above the mean per capita daily intake of 
chocolate candy were selected to take part in this study, excessive intake may have been 
promoted by the nature of the study.  Weight change was not significant during the study 
given the relatively short time duration, but with a larger number of participants and 
longer study period, weight change may be a valuable aspect for further consideration. 
However, as previously mentioned, since weight change was not significant in the current 
study, it might be worthwhile to not examine weight change at all, but to investigate if the 
outcomes maintain consistent with and without the scale (health related prime) present.  
 
 Also, examining the impact of the pre-and post- restriction on different populations 
rather than healthy adults from a university setting might be valuable. It has been 






and chocolate/candies were one of the primary items differing in consumption frequency 
between these and male focused or normal weight populations.  These populations 
therefore may be especially susceptible to the pre-and post- chocolate restriction 
conditions (Bertéus Forslund, Torgerson et al. 2005).  
 
In addition, added insight to the current study’s findings regarding disinhibition could be 
gained by study designs that include additional measures of impulsiveness and cognitive 
inhibition. Impulsiveness is defined as a reaction to a temptation of interest and is often 
interchangeable with behavioral under-control and behavioral disinhibition. Disinhibition 
is grouped as a type of impulsiveness along with sensation seeking, executive attention 
bias, and inhibitory control which prevents impulses from influencing behavior 
(Reynolds, Ortengren et al. 2006; Dick, Smith et al. 2010). Impulsivity measures 
correlate with disinhibition on the TFEQ, but not restraint (Yeomans, Leitch et al. 2008).  
Self-control, on the other hand, is a critical part of successful restrained eating (Keller 
and Siegrist 2014). Those who want to avoid a high energy snack such as chocolate, but 
have weak cognitive inhibition, consume more than those with strong inhibitory control 
(Hofmann, Friese et al. 2009; Allan, Johnston et al. 2010).  Further information on 
impulsiveness and cognitive inhibition would be valuable and could perhaps differentiate 
and provide further insight into high disinhibited eaters and low disinhibited eaters and 
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